Objectives: To determine whether dietary vitamin E intake in childhood or mid-life was predictive of adult hypertension and high waist circumference, as two important risk factors for cardiovascular disease. Design: Longitudinal study of a social class stratified random sample of all the legitimate, singleton births in the week of 3-9 March 1946. Settings: England, Scotland and Wales. Subjects: The 2980 survey members who provided information on diet, health and sociodemographic information at two time points; age 4 y in 1950 (24-h dietary recall) and 43 y in 1989 (48-h dietary recall). Main outcome measures: Outcomes were adjusted odds ratios (ORs) for hypertension and high waist circumference at age 43 y by thirds of vitamin E intake, relative to the highest intake thirds at both ages. Results: The lowest consumers of vitamin E in both childhood and adulthood were more likely to be hypertensive (OR 1.8, 95% confidence interval (CI): 1.03-3.08) and have high waist circumference (OR 1.6, 95% CI: 1.02-2.43) than those consuming high levels at both ages. A low intake of vitamin E at just one time point was not associated with a statistically significant increased risk of hypertension or high waist circumference. Social class was also an independent and equally strong predictor of these coronary risk factors, indicating that the relation between social class and cardiovascular risks was not mediated solely by the current measures of diet and lifestyle. Conclusions: Unique data on vitamin E intake from foods in both childhood and adulthood have indicated that relatively low intake of vitamin E at both ages predicted hypertension and high waist circumference at age 43 y.
Introduction
A considerable body of experimental and epidemiological evidence supports the view that antioxidants, such as atocopherol, may reduce the risk of cardiovascular disease (CVD). This may be through the inhibition of LDL oxidation and reduced inflammatory response (Abbey, 1995; Hercberg et al, 1998; Kromhout, 2001) , and mechanisms may include modulation of cellular signalling pathways (Pryor, 2000; Neuzil et al, 2001) . The most notable positive findings on vitamin E come from two large epidemiological studies in the United States, where subjects with the highest vitamin E intake had a 30-40% reduction in CVD risk (Rimm et al, 1993; Stampfer et al, 1993) . This association was mainly attributed to high vitamin E consumption from nutrient supplements; however, other observational studies have demonstrated protective effects from food-derived vitamin E alone (Knekt et al, 1994; Kushi et al, 1996) . In contrast, most primary and secondary randomised clinical trials of vitamin E that have supplemented with doses well above upper dietary intake levels have not shown clear beneficial effects on CVD outcomes (Collaborative Group of the Primary Prevention Project, 2001; Czernichow & Hercberg, 2001; Hooper et al, 2001) . Explanations for these different results still remain to be found, but could be due, in part, to a different cellular mechanism of vitamin E at high doses, and/ or the timing (early life vs adulthood) and duration (lifelong vs short-term) of exposure.
Current evidence clearly suggests the importance of nutritional adequacy in utero, and that relative inadequacy can result in a metabolic profile that increases the CVD risk (Godfrey & Barker, 2000; Jackson, 2000) . Early signs of atherosclerosis and CVD risk are detectable in childhood as fatty streaks in the aorta and are related to fat mass (body mass index, BMI, kg/m 2 ), blood pressure, plasma cholesterol and triacylglycerol levels (Berenson et al, 1998) . These risk factors for CVD tend to track into adulthood (Boulton, 1996) , as do other modifiable risk factors such as waist circumference, Lp a concentration, hyperinsulinaemia and glucose intolerance (Han et al, 1995; Sattar et al, 1998; Clarke et al, 2002) , and can be influenced by diet. As such, the diet in childhood as well as in adulthood may be a modulator of adult CVD.
The MRC National Survey of Health and Development, NSHD (1946 British Birth Cohort) , provides the unique opportunity to investigate such relation (Wadsworth et al, 1992) . Using this data set, the present study addressed the hypothesis that low vitamin E intake, either in childhood or in adulthood, increased the risk of two CVD risk factors, hypertension and central adiposity (waist circumference). Both these factors have been shown to be associated with low vitamin E status (Ohrvall et al, 1993; Wen et al, 1996) .
Methods
The 1946 British Birth Cohort is a social class stratified random sample of 5362 singleton legitimate births in England, Scotland or Wales during the first week of March 1946. Throughout childhood and adulthood, medical, social, educational and other information has been collected on 21 occasions. Data on health, diet, family and lifestyle were collected by local health visitors at home visits at age 4 y (in 1950) and by research nurses at age 43 y (in 1989) . The population of 3262 interviewed at the age of 43 y was, in most respects, still representative of 43 y olds in the nativeborn population (Wadsworth et al, 1992) . The 2980 survey members from whom dietary records were collected at both time points form the population for the current analysis.
Dietary assessment
A 24-h descriptive recall of all meals was obtained at interview from the child's carer, usually the mother, at age 4 y. A 48 h recall of all food and drink recorded in household measures was obtained at interview at age 43 y. Period and age-specific food portion sizes and nutrient databases were used for 1950 (Prynne et al, 1999) and 1989 (Price et al, 1995) . For 1950, missing and more appropriate data for the food content of vitamin E were completed using the composition of fats and margarines of the time (Ward, 1958) , and fried foods were taken to be in lard or dripping, as detailed previously (Prynne et al, 1999) . For 1989, a typical blended oil was constructed using the National Food Balance sheet, 1989 (Food and Agriculture Organisation of The United Nations Website, 2001). All food and nutrients were calculated using the in-house suite of programmes based on McCance and Widdowson's The Composition of Foods (Paul & Southgate, 1978; Holland et al, 1988 Holland et al, , 1989 .
Since vitamin E is present in foods as a number of tocopherols and tocotrienols of varying levels of activity, vitamin E intake was expressed as a-tocopherol equivalents (Holland et al, 1988) . The possible influence of low-energy reporting (LER) was investigated using the ratio of energy intake to calculated basal metabolic rate (EI:BMR). In the 1950 data, few (3%) children were below the ratio 0.9, the value considered plausible for a 1-day diet record (Prynne et al, 1999) . In the 1989 data, although 25% of the subjects showed LER (EI:BMRo1.05), there was no difference in energy-adjusted vitamin E intake between low-and adequate-energy reporters (1.09 mg/MJ in both groups).
There was insufficient information in the dietary records to estimate the total intake of polyunsaturated fatty acids (PUFA). However, in order to adjust for colinearity between PUFA and vitamin E intake, an index of differential PUFA intake at age 43 y was derived from the types of fat spread consumed by categorising them into four groups: (1) PUFA fat spreads, (2) other, non-PUFA, spreads, (3) butter, no PUFA spreads and (4) no fat spreads consumed. At neither time point had there been a focus on recording the consumption of vitamin supplements; hence, these data were incomplete and have not been included in the current analysis.
Outcome measures
The two indicators of cardiovascular risk used in this study were hypertension and high waist circumference. Blood pressure was measured twice using the Hawkesley random zero sphygmomanometer with a regular (12 Â 23 cm) cuff. Systolic and diastolic (phase V) measurements were taken after approximately 45 min sitting at interview, ensuring that subjects had not smoked in that time. The second measurement of blood pressure was used in the analysis, using a correction factor for arm circumference (Maxwell et al, 1981) . Hypertension was defined as systolic blood pressure Z140 mmHg and diastolic blood pressure Z90 mmHg, or if the survey member was taking medication for hypertension (Wadsworth et al, 1985) .
Waist circumference was measured twice at the mid-point between the costal margin and iliac crest and in line with the mid-axilla, using a tape measure to the nearest 0.1 cm. The average of the two measurements was used in the analysis. Large waist circumference, indicative of increased CVD risk, was defined as exceeding 102 cm in men and 88 cm in women (Han et al, 1995) .
Statistical analysis
Energy-adjusted tertiles of vitamin E intake were calculated at ages 4 and 43 y. The thirds of energy-adjusted vitamin E intake (mg/MJ) were defined by the tertiles 0.35 and 0.45 at the age of 4 y and by the tertiles 0.82 and 1.24 at the age of 43 y. Combinations of the groups defined by these tertiles were used to create the following six categories of vitamin E consumption, in which the lowest and middle thirds of childhood intake were combined: lowest two-thirds of vitamin E intake in childhood and lowest third of vitamin E intake in adulthood (C L A L ), highest third in childhood and lowest third in adulthood (C H A L ), lowest two-thirds in childhood and middle third in adulthood (C L A M ), highest third in childhood and middle third in adulthood (C H A M ), lowest two-thirds in childhood and highest third in adulthood (C L A H ), highest third in both childhood and adulthood (C H A H ).
Survey members had been classified according to the occupational social class of their father when aged 4 y (Registrar General, 1961) , and according to their own occupational social class at age 43 y (Registrar General, 1980) . Social class categories were grouped to reflect consistency or change in social class from 4 to 43 y of age: manual at both time points, nonmanual at both time points, manual-to-nonmanual transition, nonmanual-to-manual transition.
The following information, obtained from survey members at the age of 43 y, was included in the analysis. Four regions of residency were defined as Scotland, North (North, North-West, Yorkshire), Central (Midlands, North-Midlands, Eastern, South-West, Southern, Wales), and London (London, South-East). Cigarette smoking status was defined as either nonsmoker or smoker. Physical activity was assessed by questions on how often survey members took part in any sports, exercises or vigorous leisure activities. Those doing so at least once in a week were categorised as active, the rest were categorised as nonactive. Body weight and height were measured by the research nurse and used in the calculation of body mass index (BMI ¼ weight in kg/height in m 2 ). Univariate analyses (w 2 tests/ANOVA) were used to compare percentages or means for subgroups according to the selected sociodemographic, lifestyle and dietary variables. Crude, adjusted odds ratios (OR) and 95% confidence intervals (CI) were estimated for the risk of being hypertensive and of having a high waist circumference separately using multiple logistic regression, with the highest third of vitamin E intake in both childhood and adulthood (C H A H ) taken as the reference category. All OR were adjusted for the confounding variables of gender, social class category, energy adjusted dietary intake of vitamin C and b-carotene in both childhood and adulthood, and at age 43 y, area of residence, exercise, smoking and PUFA index. The OR for hypertension was also adjusted for BMI at age 43 y, and dietary intake of calcium, sodium, potassium and magnesium in both childhood and adulthood. Logarithmic transformations of the weights of these nutrients were performed prior to the analysis to normalise distributions. The analyses were performed using PROC LOGISTIC in SAS (1999).
Results
The characteristics of the survey members according to sociodemographic factors are given in Table 1 . Table 2 reports differences in these and lifestyle variables according to the six energy-adjusted vitamin E intake groups.
Among the survey members in the highest group of vitamin E intake in both childhood and adulthood (C H A H ), more than half were female (57%); in adulthood, threequarters were of nonmanual social class, irrespective of their father's social class; less than a quarter were smokers (23%) and about 50% of them exercised at least once a week. Survey members in the C H A H grouping had a higher adult intake of vitamin C and of b-carotene compared with other groups, and 57% of them consumed polyunsaturated fat spreads while only 9% consumed butter. Survey members in Groups of vitamin E intake in childhood (at age 4 y) and adulthood (at age 43 y)* the lowest group of vitamin E intake at 4 y of age and the lowest third at 43 y of age (C L A L ) showed contrasting patterns in these parameters. Of this latter group, less than half were female (42%); in adulthood, 60% of nonmanual social class; more than a quarter were smokers (40%); only 43% exercised at least once a week and only 5% consumed PUFA spreads while 36% consumed butter (Table 2) .
Hypertension
Approximately 12% (n ¼ 353) of the 2980 survey members were hypertensive at age 43 y. Table 3 shows that survey members in the low vitamin E intake group at both ages, (C L A L ) were 1.78 (95% CI: 1.03-3.08) times more likely to be hypertensive than those who had high intakes at both ages (C H A H ). Although not reaching statistical significance, there was a suggestion that all the groups had a higher risk of being hypertensive compared to the reference group (C H A H ). Survey members who were classified as manual at both time points were 1.75 times (95% CI: 1.23-2.47) more likely to be hypertensive than those who were classified as nonmanual at both ages. 
High waist circumference
In all, 17% (n ¼ 492) of the 2980 survey members had a high waist circumference. Table 3 shows that survey members in the low vitamin E intake group at both ages (C L A L ) were 1.58 (95% CI: 1.02-2.43) times more likely to have a high waist circumference than those who had high intakes at both ages (C H A H ). There was no significant difference in risk of a high waist circumference between the reference group (C H A H ) and any of the other groups. Survey members who were classified as manual social class at age 4 y were significantly (1.09-2.36 times) more likely to have a high waist circumference than those who were classified as nonmanual at both ages. Survey members who exercised at least once a week were about 40% less likely to have a high waist circumference compared to those who did not exercise.
Discussion
The present study demonstrated that the lowest consumers of vitamin E from food in both childhood and adulthood were more likely to be hypertensive and have a high waist circumference than those consuming the highest levels of vitamin E at both these age periods. In this study, and indeed internationally, the assessment of vitamin E intake with accuracy poses many problems. This is partly because of insufficient knowledge of the amount and types of fats eaten, to the natural variations in foods and to changing composition of the fat in manufactured foods over time. The potential impact on the present results of errors in the assessment of vitamin E intake requires further consideration. Although every effort was made to acquire the most appropriate food composition data for the time periods in question, the values obtained for 1950 may have been more reliable than in 1989. This is because the consumption of fried and manufactured foods was limited in the early postwar years, and margarines were still controlled by the Ministry of Food, and analytical values for vitamin E were available (Ward, 1958) . In 1989, although the 48-h recall will have provided a better estimate of nutrient intake than the 24-h recall in 1950 (Beaton et al, 1979; Nelson & Bingham, 1997) , greater uncertainty existed about the types of fat and therefore vitamin E consumed, because of more varied food sources. Such limitations tend to attenuate rather than exaggerate the significance of nutritional relation to health outcomes (Beaton et al, 1979) and hence the strength of the results reported are likely to be under, rather than overestimates of the true associations.
The lack of inclusion of vitamin supplements in the analysis could have introduced bias into these data, for in 1950, welfare cod liver oil was distributed free of charge and it is possible that around a quarter of the survey children would have been given it at age 4 y (Douglas & Blomfeld, 1958) . If the children in the present study had been given one teaspoon of cod liver oil daily, this would have provided 1 mg vitamin E (Paul & Southgate, 1978) . This would have made an appreciable contribution to the total vitamin E intake, since the average intake from food sources at age 4 y was 2.5 mg/day. In adulthood, if the proportion of survey members taking supplements was similar to that found in the Dietary and Nutritional Survey of British Adults in 1986/ 1987 (Gregory et al, 1990) , around 3% may have been taking cod/halibut liver oil and 0.1% vitamin E. Supplements may therefore have had only a small impact on total vitamin E intake in adulthood, and may not have influenced placement in thirds of vitamin E intake, since adult supplement takers tend to be those already with the most adequate diets.
The present results of lower CVD risks with higher vitamin E intakes from food alone are compatible with two previous reports that demonstrated a lower CVD mortality at higher food-based vitamin E intakes (Knekt et al, 1994; Kushi et al, 1996) . Others however found that only vitamin E from supplements, rather than from the diet, conferred significant protection against CVD risk and mortality (Rimm et al, 1993; Stampfer et al, 1993) . There are many issues surrounding these conflicting findings, including the baseline nutritional adequacy and cardiovascular health of the populations, potential pharmacological rather than nutritional activity of vitamin E at high doses, interactions among antioxidants and the possibility that high vitamin E intake from food sources is a more general marker for a cardioprotective dietary pattern and lifestyle. However, the current findings of a relation between food-derived, relatively low vitamin E intakes in childhood and adulthood, and CVD risk appear robust for they were independent of other variables that were univariately associated with vitamin E intake (smoking, physical activity, occupational social class, and intakes of fat, antioxidant vitamins, and fruit and vegetables). Importantly, neither did controlling for an index of PUFA intake remove the independent significance of vitamin E, suggesting that the relation to blood pressure and waist circumference was probably not mediated by a high PUFA (principally linoleic acid, C18:2 n6)-containing diet. The finding that social class also remained an equally strong independent predictor of hypertension and high waist circumference in the adjusted models demonstrated that the confounding variables of smoking, BMI (for hypertension), physical activity, PUFA index and antioxidant vitamin intakes, all of which vary strongly with social class, only contributed a relatively small proportion to the 'social class effect'. Other factors that may contribute to this effect, and for which it has not been possible to adjust, include physical and psychosocial stress. Such stresses have been related to elevated cortisol levels that in turn have been associated with central adiposity (Bjorntorp, 2001 ) and Brindley (Brindley & Rolland, 1989 ) set out plausible mechanistic pathways. Poorer maternal nutrition in the lower socioeconomic groups might also have compromised foetal nutrition and increased propensity to cardiovascular risk (Barker, 1997) .
Mechanistically, there is support for a protective role for vitamin E in CVD. Vitamin E has been shown to influence the etiology of hypertension at several stages (Dakshinamurti & Dakshinamurti, 2001) . It is a potent lipid-phase antioxidant that protects against LDL oxidation (Abbey, 1995) , and acts at the endothelial level to reduce vasoconstriction through the nitric oxide pathway (Dakshinamurti & Dakshinamurti, 2001 ) and cell adhesion molecule activation (Brown & Hu, 2001 ). The importance of childhood vitamin E intake may suggest that optimal development of vascular responsiveness and compliance requires adequate vitamin E levels, and yet sustained dietary adequacy into adult life would appear to be additionally protective against hypertension. Erythrocyte a-tocopherol levels have been found to be lower in hypertensive compared to normotensive subjects (Wen et al, 1996) , and clinical studies have demonstrated the effectiveness of short-term oral high-dose combination antioxidant therapy (zinc, ascorbic acid, a-tocopherol and b-carotene) to reduce blood pressure in hypertensive patients (Galley et al, 1997) . On the other hand, supplementation with vitamin E alone seemed to have no clinically relevant effect on blood pressure in hypertensive patients already under controlled treatment (Palumbo et al, 2000) , suggesting that nutrient-nutrient and nutrient-drug interactions may also be important.
Impaired glucose-insulinaemic responses are associated with central adiposity and as vitamin E may be modulating glucose metabolism at the cellular level (Barbagallo et al, 1999) , this could be one mechanism whereby vitamin E influences central adiposity. This is supported by the finding of an inverse relation between serum a-tocopherol (adjusted for cholesterol and triacylglycerol) and waist circumference in Swedish adults (Ohrvall et al, 1993) . However, serum a-tocopherol, adjusted for cholesterol, has been found to be positively related to waist circumference in another study of Swedish adults (Wallstrom et al, 2001 ). These contrasting results may be because of differing adjustments for lipids, since both serum a-tocopherol (Ohrvall et al, 1993) and waist circumference (Sattar et al, 1998) are strongly related to serum cholesterol and triacylglycerol.
In summary, this work has identified both childhood (age 4 y) and mid-life (age 43 y) vitamin E as dietary components that were independently associated with two risk factors of CVD, namely hypertension and high waist circumference. Future studies in the NSHD 1946 birth cohort will enable the stability of these associations to be tested against incidence of hypertension, high waist circumference, ischaemic heart disease and mortality, as the population continues to age.
